vational methods cannot fully exploit emerging array data because they are based on seismic waves emitted from earthquakes, which emanate from select source regions predominantly near plate boundaries and are observed at stations far from source regions, such as most locations within the United States. With such teleseismic observations, high frequency information is lost due to intrinsic attenuation and scattering and resolution is degraded by the spatial extent of the surface wave's sensitivity which expands with path length (2-4). Here we move beyond the limitations of methods based on earthquakes and recover surface wave dispersion data from ambient seismic noise (5) .
The basic idea of the new method is that cross-correlation of a random, isotropic wavefield computed between a pair of receivers will result in a waveform that differs only by an amplitude factor from the Green function between the receivers (6, 7) . This property is reminiscent of the fluctuation-dissipation theorem (8) which posits a relation between the random fluctuations of a linear system and the system's response to an external force. The relation is widely used in a variety of physical applications, finding its roots in early works on Brownian noise (9, 10) . Recent results in helioseismology (11), acoustics (12) (13) (14) (15) (16) , and seismology (5, 17) suggest that such a statistical treatment can be applied to non-thermal random wavefields, in particular to long series of ambient seismic noise because the distribution of the ambient sources randomizes when averaged over long times. Ambient seismic noise is additionally randomized by scattering from heterogeneities within Earth (18) . Surface-waves are most easily extracted from the ambient noise (5) because they dominate the Green function between receivers located at the surface and also because ambient seismic noise is excited preferentially by superficial sources, such as oceanic microseisms and atmospheric disturbances (19) (20) (21) (22) . The seismic noise field is often not perfectly isotropic and may be dominated by waves arriving from a few principal directions. To reduce the contribution of the most energetic arrivals, we dis-regard the amplitude by correlating only one-bit signals (15, 17) before the computation of the cross-correlation.
Examples of cross-correlations between pairs of seismic stations in California appear in Fig. 1 (23 are estimated from the Green functions using frequency-time analysis (25-27) from the 1891 paths connecting these stations. We rejected waveforms with "signal-to-noise" ratios smaller than 4 and for paths shorter than two wavelengths, resulting in 678 and 891 group speed measurements at periods of 7.5 s and 15 s, respectively (Fig. S2) . We then applied a tomographic inversion (28) to these two data sets to obtain group speed maps on a 28 km × 28 km grid across California (Fig. 2) . The maps produced variance reductions of 93% and 76% at 7.5 s and 15 s, respectively, relative to the regional average speed at each period. To test the robustness of the inversion, we applied the same procedure to a 3 second month of data and produced similar tomographic maps (Fig. S3) The resolution of the resulting images is about the average inter-station distance, between 60 and 100 km across most of each map (Fig. S4) .
A variety of geological features (29) are recognizable in the estimated group-speed dispersion maps (Fig. 2) . For the 7.5 s Rayleigh wave, which is most sensitive to shallow crustal structures no deeper than about 10 km, the dispersion map displays low group It may seem initially surprisingly that deterministic information about the Earth's crust can result from correlations of ambient seismic noise. This result reminds us that random fluctuations can, in fact, yield the same information as provided by probing a system with an external force (9) and that not all noise is bad. In seismology, external probing through active seismic sources (e.g., explosions) may be prohibitively expensive and earthquakes are both infrequent and inhomogeneously distributed. In many instances, merely "listening" to ambient noise may be a more reliable and economical alternative. 
